Résumé. 2014 Les fréquences des modes de vibration à q = 0 dans les solutions solides Hg1-xZnxTe sont déduites des spectres de réflectivité infrarouge. Les 
Optical vibration modes in Hg1-xZnxTe solid solutions near q=0
G. Le Bastard (1) , R. Granger (1) , S. Rolland (1) , Y. Marqueton (2) and R. Triboulet (3) (1) Laboratoire Mercury Zinc Telluride Hg1 -xZnxTe (MZT) has been proposed as a more stable semiconductor for infrared detector elaboration [1, 2] . This proposal has already been experimentally verified on specific physical properties of these new solid solutions [3] and on device reliability [4] . The stabilization of the HgTe lattice by substitution of Hg by Zn is a consequence of the shortest bond length between Te and Zn which remains almost that of ZnTe (2.65 Â) whatever the composition x of the ternary [5] . The bond length between Te and Hg also stays very near the HgTe value (2.8 Â) in all the composition range [5] when the lattice parameter follows the Vegard's law [6] . Both anions and cations must be displaced from the positions of the Bravais lattice [7] giving rise to a strong interaction between second cation neighbors and a stronger ordering as compared to most of pseudo binary solid solutions [8] .
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0198900500210322300 This ordering will be reflected on physical properties of the material [9] [10] . First results for materials of low Zn composition (x 0.3) have already been presented [11] . In this paper we give reflectivity results in the whole composition range and deduce the main parameters for the vibrations so probed.
Experiments and results.
The main part of the samples have been cut from ingots grown by the travelling heater method [6, 12] . Samples with a zinc content x lower than 0.3 are then submitted to an annealing at 500 °C with mercury at 450 °C in order to lower the acceptor state concentration [17] in the gap, which gives better reflectivity spectra. Samples are mechanically and then chemically polished with ethylene glycol-methanol-bromine (80/18/2) [13] . Several polishing processes give the same reflectivity spectra. Some epitaxial layers have been obtained by an evaporation diffusion process of HgTe on ZnTe [14] .
Compostions has been checked on several points of the surface of each sample by microprobing [15] . This composition varies on the surface [6] , the mean value on about ten measurements gives the sample composition. x variations are greater for x &#x3E; 0.5 (Ax --0.05 on all the surface) but goes small with x (àx * 0.005 for x = 0.15).
Reflectivity measurements were obtained with a Fourier spectrometer Beckman SS720 with home built electronics and data acquisition system. The [9] . Figure 2 displays an example for x = 0.15. At 80 K the hole contribution remains small because of the high effective mass in the valence band (mv = 0.6 mo) [17] and the relatively low hole concentration (cf. Tab. I). At 295 K the electron concentration is about 1016 cm-3, the electron effective mass is small [17] and the electron gas gives a contribution to the screening of the electromagnetic field.
The spectra present the usual minimum above the high energy reststrahlen band. This minimum has not been found on samples [11] which have not been annealed and suffer from an additional absorption in the vicinity of 200 cm-1 1 (25 meV) due to electronic transitions between the valence band and an acceptor level, as found in Hg1 -xCdx Te (MCT) [16, 18] . The reflectivity spectra for samples with x 0.2 exhibit a small maximum under the lowest reststrahlen band (100 cm-1 ) whose amplitude increases with T. This behavior has also been found in mercury rich MCT [19] and is usually attributed to multiphonon processes. figure 3 .
The main problem encountered with i) comes from the estimation of R at low frequencies. For samples where the free carrier contribution can be well calculated, both methods give the same results on Ei and E, within the experimental errors. For the others, the maximum in the relative difference on Er and ei calculated by both methods remains always lower than ZnTe at 145 cm-1. In return all the parameters of the Z modes display an important bowing with x. As the distance between Zn and Te remains that of the binary ZnTe [5] , the departure from linearity can be attributed to a change of force constant between Te and Zn atoms as x varies. This change can be expressed in first approximation on the corresponding ionic charge which will be evaluated in the following of this paper. The frequency of the localised vibration of Zn in HgTe is not so well defined but is near 167 cm-1 at 77 K.
Figures 5a and b show the variations of damping constants TH and r z with composition. r H varies approximately as x (1 -x) indicating a maximum of disorder near x = 0.5. r z increases with mercury content as the corresponding modes can be damped on lower frequency modes H whose density of states increases when x goes to 0. Figure 6 shows, at 80 K, the optical dielectric constant eoo. and the static one es as deduced from the fit of experimental data, the values corresponding to x = 0 (HgTe) are taken from [19] . [6] . Table II gives numerical values of the key parameters of the problem ; more results are plotted in figure 7 . (*) From [19] . The effective charge of ZnTe deduced from our measurements is 0.68 (cf. Tab. II). We want to point out that ez depends on the actual value of Eoo which is sensitive to defect concentrations when they are responsible for electronic transitions in the near infrared. Our value is between that given in [24] (ez = 0.653 ) and that in [25, 26] 
